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Abstract 


Advances  in  higji-performsnce  parachute  systsBur  and  the  tech¬ 
nologies  needed  to  design  them  are  presented  in  this  paper.  Hew 
parachute  design  and  perforaance  prediction  codes  are  being  devel< 
oped  to  assist  the  designer  in  aeeting  parachute  systea  perfor- 
■ance  requiraaents  after  a  ainiaua  nuaber  of  flight  tests.  The 
status  of  advanced  design  codes  under  developaent  at  Sandia 
National  Laboratories  is  suaaarited.  An  integral  part  of  para¬ 
chute  perforaance  prediction  is  the  rational  use  of  existing  test 
Asta.  The  developaent  of  a  data  base  for  parachute  design  has 
been  initiated  to  illustrate  the  effects  of  inflated  diaaeter, 
geoaetric  porosity,  reefing  line  length,  suspension  line  length. 

of  gores,  and  nurf>er  of  ribbons  on  parachute  drag.  Exaa- 
ples  of  advanceaents  in  parachute  aaterials  are  presented,  and 
recent  probleas  with  Mil-Spec  broadgoods  are  reviewed.  Finally, 
refttnf  parachute  systeas  tested  at  Sandla  are  suiasarized  to 
Illustrate  new  uses  of  old  parachutes,  new  parachute  configura¬ 
tions.  and  underwater  recovery  of  payloads. 
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Introduction 

A  review  of  advances  In  parachute  technology  Is  contained  In  this 
paper.  Technological  advances  In  parachute  design  and  perfomance  are  nade 
possible  by  a  variety  of  factors,  Including  a  better  understanding  of  how 
parachutes  work,  new  predictive  tools  such  as  eonputer  design  codes, 
advances  In  aster Isl  technology,  and  new  Ideas  in  configuration  and  usage. 
New  developaents  In  each  of  these  aress  will  be  suaaarlzed. 
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Advaacaa  in  Paraelmta  DvalgB  and  Parfoinanea  Fradictlon  Codaa 


Tha  Innatlng  parachuta  is  anong  cha  noat  difficult  aarodjmadle  ayatans 
tu  nodal.  Tha  enconlng  flow  la  tint  dependent  (becauaa  tha  parachuta  dacal* 
arataa  tha  payload)  and  aayonetrlc.  Oncoaing  valocltlaa  can  ba  auparaonlc, 
tranaonlc.  aubaonic,  or  conblnationa  of  theae  apead  rangaa.  Tha  turbulant 
waka  ganaratad  by  the  payload  flowa  into  the  parachuta  causing  a  reduction 
in  parachuta  drag  and  stability.  The  boundary  conditions  for  the  flow  ara 
dataminad  by  tha  parachuta  itself,  yet  its  shape  is  detaminad  by  tha  prea* 
axiraa  ganaratad  by  tha  flow  fiald.  Tha  flow  field  behind  the  canopy  is 
separated,  and  air  passes  throug]h  the  canopy  for  parachutes  with  gaoattrl'j 
and/or  natarial  porosity.  On  sons  parachute  aysteas,  the  air  behind  tha 
canopy  can  catch  up  to  the  parachute/payload  conbination  and  causa  the  para* 
chute  to  lose  drag  and  collapse.  Pressure  distributions  across  tha  canopy 
ara  needed  to  define  aaterial  strengths  and  stresses.  Finally,  the  aotion 
of  the  payload  and  parachute (s)  relative  to  the  ground  Bust  be  calculated  in 
order  to  estioate  perfonance  of  the  parachute  systea. 

With  such  a  foraidable  list  of  difficult  aerodynaaic  probleas  that  arc 
fundaacntal  to  the  operation  of  a  parachute,  it  is  not  surprising  that  a:ta- 
lytical  or  nuacrical  aodeling  of  parachutes  was  bypassed  in  favor  of  capiri* 
cal  design  aethods  for  aany  years.  Modem  coaputers  have  made  it  faasible 
to  coni  ider  developaent  of  nuaerical  aodels  of  parachute  inflation.  How* 
aver,  we  are  still  liaited  in  what  can  be  aodeled  by  our  understanding  of 
what  should  be  aodeled;  bigger  coaputers  cannot  be  utilized  properly  until 
ve  achieve  greater  insight  into  the  governing  physical  processes  which  con* 
trol  the  inflation  of  a  parachute.  Purvis'  paper  on  parachute  itynaaies 
aodeling  in  these  course  notes  (Ref.  1}  describes  the  events  on  parachute 
inflation  in  greater  detail  and  references  approxiaate  aodels  of  inflation, 
structural  loads ,  and  differential  canopy  pressure  distribution  which  appear 
in  the  literature.  A  few  recent  additions  to  the  parachute  aodeling  litcra* 
ture  are  suBaarized  below. 

Sundberg  has  developed  a  new  coaputer  code  to  analyze  the  stnicture  of 
radially  syaaetric  parachutes.  The  new  code  is  called  GALA  (for  fid^opy 
^ads  *  significant  iaproveaent  in  ease  of  use  and  in  con* 

vergence  coapared  to  its  predecessor,  the  (ANO  code  (Refs.  2,  3).  The 
finite  aleaent  approach  of  CANO  is  used  in  CAlA,  but  the  equations  have  been 
reforaatted  and  the  aethod  of  solution  has  been  changed,  resulting  in  reli* 
able  convergence  to  physically  aeaningful  solutions  for  all  ribbon,  aolid, 
and  ringslot* solid  parachute  canopies  atteapted  to  date.  Details  of  the 
governing  equations  and  their  solution  are  given  in  Ref.  4,  Figure  1  shows 
good  agreeaent  between  CAlA  predictions  of  parachute  shape  and  data  obtained 
in  a  wind  tunnel  test  of  3*ft*diaBeter  parachutes  (Refs.  5,  6).  The  CALA 
code  is  operational  and  has  been  used  to  design  every  new  parachute  aystea 
at  Sandla  since  its  developaent. 

Strickland  (Ref.  7),  McCoy  and  Verne  (Ref.  8),  and  Shirayaaa  and 
Kuwahara  (Ref.  9}  are  developing  vortex  aethods  for  predicting  parachute 
aerodynaaics ,  including  parachute  drag,  canopy  pressure  distributions,  and 
the  wake  flow  field  behind  the  parachuve.  Steeves  (Ref.  10}  is  atteapting 
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to  pradicc  Ui*  saa*  daealarater  eharactariatle*  by  aolving  tha  Havlar*Scekas 
Equations .  laeantly,  Strickland  hat  nada  calculation*  of  tha  too* 
dinansional  incoapraisibla  flow  around  circular  arc*.  a**uaing  potential 
flow  and  aodaling  tha  aurfaea  of  tha  circular  are  as  a  aaria*  of  quadrilat* 
oral  vortex  panels.  In  addition  to  the  vertex  filaaants  which  daseriba  tha 
surface  of  the  are,  vortex  panels  ara  ralaascd  into  tha  wake  behind  tha  arc. 
Tha  flow  ia  started  lapulaivaly  froa  rest  with  no  wake  vortieity.  At  sub* 
sequent  tines,  vortieity  is  shad  fron  separation  points  to  fom  the  wake 
behind  tha  parachute,  while  the  strength  of  the  vortex  fllanents  on  tha  are 
is  changed  to  aatisfy  tha  nomal  velocity  condition  at  each  control  point  on 
tha  surface.  Tha  velocity  approaching  tha  arc  can  be  a  function  of  tine,  as 
is  the  case  for  a  parachuta. 

Good  agreaaant  has  been  obtained  between  Strickland's  calculations  and 
an  experiment  by  Sarpkaya  for  a  120-degree  circular  arc.  The  are  was  aid>- 
jected  to  the  velocity  history  showi  in  Fig.  2  in  Serpksya's  water  facility 
at  the  Naval  Postgraduate  School.  Strickland  aade  vortex  panel  calculations 
whan  the  oncoaing  velocity  was  constant  (Tine  "A"  on  Fig.  2)  innediately 
after  the  oncoaing  flow  began  to  decelerate  (Tiae  *8")  and  well  after  after 
flow  deceleration  was  initiated  (Tiae  *C*).  Figure  3  shows  the  calculated 
loci  of  vortex  filaaents  in  the  wake  of  the  120-degree  arc  at  each  of  these 
tiaes;  these  calculations  agree  with  flow  visualization  photographs  taken  by 
Sarpkaya.  Calculated  pressure  coefficients  on  the  base  of  the  120-degree 
arc  (Fig.  4)  show  regions  where  the  wake  has  recontacted  the  arc  and  is 
acttislly  pushing  it  froa  behind.  These  calculations  give  hope  that  vortex 
panel  aethods  aay  soae  day  be  able  to  predict  the  onset  of  parachute  wake 
recontact  and  canopy  collapse. 

The  advent  of  nuaerlcal  aodels  of  parachute  aerodynaalcs  should  not  be 
construed  as  Che  last  days  of  seal-eapirical  prediction  techniques.  Seai- 
eapirical  aodels  are  extreaely  useful  as  desi|pi  tools  because  Aey  require 
aueh  less  coaputer  aeaory  and  execution  time.  The  goal  for  developing  seal- 
eapirical  parachute  prediction  techniques  aust  be  to  find  the  right  level  of 
eapiricisa  which  allows  a  wide  variety  of  parachutes  to  be  aodeled  over  a 
reasonable  range  of  release  conditions  with  acceptable  accuracy  without 
requiring  the  parachute  designer  to  adjust  eapirical  paraaeters  in  order  to 
obtain  valid  results.  In  support  of  the  continuing  developaent  of  seal- 
eapirical  prediction  codes  at  Sandia,  Purvis  is  developing  an  extensive 
parachute  data  base  using  carefully  controlled  parachute  aodels  in  a  low 
speed  wind  tunnel.  The  purposes  of  his  study  are  to  use  experiaental  data 
to  identify  the  governing  physical  phenoaene  underlying  parachute  perfor- 
aance,  as  well  as  to  foraat  the  data  in  a  aax.ner  that  extends  its  applic¬ 
ability.  Reference  11  presents  the  first  results  of  his  experiaents  on  the 
effects  of  Inflated  diaaetcr,  geoaetric  porosity,  reefing  line  length,  and 
nuaber  of  gores  on  the  drag  and  radial  force  of  solid  and  ribbons  para¬ 
chutes.  This  work  is  a  first  step  in  defining  a  coaplete  data  base  for  flat 
circular  and  conical  ribbon  parachutes. 
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Advanead  KaCarlala  DavalopMat 


For  th*  last  40  yaars  or  so,  tha  pradoalnata  Bstsrlsl  usad  In  tha  fab* 
rlcatlon  of  paraehutas  and  nost  othar  dacslarators  has  baan  iqflon.  Tppa  66 
laylon,  tha  flbar  eurrantly  balng  produead  for  paraehutas  In  Uia  U.S.,  is 
raquirad  by  tha  Military  Spaelflcati>'ns  for  both  broadfoods  and  narrow  tapas 
and  wabblngs.  Othar  flbars  ara  also  balng  produead  that  hava  application  in 
th*  dasign  of  paraehutas  and  racovary  aystans.  This  saction  will  briafly 
daserib*  son*  of  th*  racant  work  at  Sandia  National  Laboratorias  with  para* 
chut*  aatarials. 


Mylro 

Although  a  wid*  rang*  of  nylon  tapes  and  webbings  ara  available  eoBBar* 
daily  and  through  the  Mll-Spaes,  Sandia  has  designed  son*  2*inch*wida 
ribbons  to  naat  progrsa  raquiraaents  for  ribbon  paraehutas.  Two  that  ara 
eurrantly  being  woven  have  rainforead  salvage  and  a  breaking  strength  of 
1000  lbs  and  SSO  lbs.  Although  there  is  a  Mil*Sp*e  1000*lb  ribbon,  the 
porosity  is  vary  high  and  eausad  inflation  problaas  In  th*  developaent  of  a 
large  paraehut*.  Th*  SS0>lb  ribbon  fills  a  gap  in  th*  eurrant  Mil*Sp*es  and 
is  very  effieiant,  weighing  about  40%  lass  thsn  th*  Mil*Spee  460*lb  flat 
ribbon.  Sandia  is  also  eonsidaring  tha  davalopnant  of  a  faaily  of  2-inch* 
wide  ribbons  that  ara  aora  resistant  to  shrinkag*  than  th*  ribbons  eurrantly 
available  in  tha  U.S.,  but  not  aueh  work  has  baan  eo^>lat*d  as  yet. 

Recent  requlreaents  for  large  solid  parachutes  have  required  a  serious 
look  at  nylon  J>roadgoods ,  particularly  ■aterials  with  very  lew  porosity. 
Thera  ara  no  Mil- Specs  that  deserib*  these  fabrics  although  the  U.S.  Forest 
Sarvies  has  sons  specs  for  th*  parsehutas  usad  by  th*  nsoke  juapsrs.  Our 
requlreaents  arc  for  aaterials  with  a  porosity  of  shout  5*20  ft*/ft*/ain  and 
strengths  of  90  Ibs/in  and  45  Ibs/in.  Th*  desired  veldts  are  2. 0*2. 2  and 
1.0' 1.1  oz/yd*,  respectively.  Several  different  weaves  will  be  investigated 
to  develop  the  aost  efficient  aaterial  that  will  aeet  the  low  porosity  re* 
quireaent  with  ainiaua  calendaring.  Specifications  will  be  written  to  con¬ 
trol  all  phases  of  production  of  the  fabric  including  the  fiber,  the  greige 
goods,  and  the  finishing.  In  addition,  the  specs  will  require  enough  test¬ 
ing  to  insure  the  quality  of  the  aaterial. 

On*  other  current  broadgoods  requireaent  is  for  a  aaterial  siailar  to 
th*  1.1  oz/yd’  Mil-C-7020  Type  1.  Ve  will  also  deteraine  if  there  are  aore 
efficient  weaves  that  will  aeet  this  requireaent.  The  goal  of  this  develop* 
aent  prograa  is  to  produce  aaterial  that  will  aeet  the  requlreaents  with 
known  high  quality. 

It  should  be  aentioned  that  the  U.S.  parachute  industry  has  been 
plagued  with  Mil-C*7020  Type  1  and  lA  aaterial  that  does  not  aeet  th*  specs. 
A  condition  first  naaed  "aystery  warp”  but  now  called  "abraded  warp"  was 
present  in  a  large  quantity  of  aaterial  and  caused  a  strength  loss  as  high 
as  50%.  The  aaterial  was  used  to  aanufacture  a  large  nuaber  of  parachutes 
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nhteh  th*  g9v«niMnt  Is  rsfustng  to  seespt.  This  has  rssultad  in  cofuldar* 
ahla  litigation  and  also  has  ineraaaod  tha  roquiranant  for  atringant  aeeapt> 
aneo  Inspaetion  of  tho  fabric.  Tha  prasant  inapaetion  is  dona  visually,  hut 
thara  la  a  pes..ibility  tha  inapaetion  can  bo  aecoapliahad  by  othaf  -naana. 


Most  nav  natariala  davalopnant  at  Sandia  in  raeant  yaars  has  baan  la 
dia  Kavlar  narrow  fabrics.  Tha  narrow  fabrics  that  ara  dascrlbad  la  tha 
currant  Mil*Spae  wara  davalopad  with  fiber  affieieney  as  tha  prinary  goal. 

As  a  result,  it  la  nearly  In^ssibla  to  aaw  a  Joint  that  has  raaaon^la 
(80>90%)  effleianey  In  many  of  tha  natariala.  Several  new  designs  have 
resulted  froa  this  problaa  in  addition  to  the  new  designs  to  neat  progran 
raquiranants .  Tha  design  of  Kevlar  narrow  fabrics  can  be  difficult,  and 
eonsidarabla  eoaproniaing  is  generally  naeaasary  to  neat  all  of  tha  requira- 
aents.  A  good,  patient,  davalopnantal  weaver  is  vary  helpful. 

A  diseuaslon  with  Mr.  Kostelazk>  in  1985  has  led  to  a  successful  daval- 
opnent  progran  that  la  alnosf.  eoaplatad.  On  ono  of  our  designs,  a  400-lb, 
3/8-ineh-vlda  Ksvlar  radial  had  to  be  Joined  to  a  braided,  400-ib  Kevlar 
suspension  line.  Tha  Joint  that  was  davalopad  had  an  affieieney  of  about 
80-85%,  ^ieh  was  acceptable,  but  was  vary  difficult  to  sow  and  inspect  to 
insura  tha  strength  raqulraaanta  would  be  not.  Mr.  Kqstalaxlgr  was  weaving 
nylon  that  was  flat  and  tranaitionad  to  a  round  weave,  thus  allainating  t& 
nacessity  for  a  sawn  Joint.  A  U.S.  weaver,  bally  Klbbon  Mills,  had  also 
triad  this  aachod  soaa  elaa  ago  with  nylon  and  was  able  to  weave  Kevlar  with 
a  transition  froa  flat  to  round.  Sandia  Spaciflcatlons  ara  being  written  to 
daaerlba  this  aatarial,  and  production  will  start  soon. 

Sandia  has  not  had  any  raquiraaents  for  Kevlar  broadgoods  for  use  in  a 
parachute  drag  surface,  but  55 -denier  aatarial  has  baan  succasafully  woven. 


One  othar  new  aatarial  that  is  being  invoatlgatad  by  aoao  weavers  is 
called  Spectra  900  and  Spectra  1000.  The  fiber  is  produced  by  the  Allied 
Cheaical  Coapany  and  is  polyethylene  baaed.  Soae  of  the  characteristics  are 
shown  in  Fig.  5.  This  fiber  has  elongation  slallar  to  Kevlar  but  has  very 
poor  strength  capability  at  elevated  te^eratures.  However,  the  density  la 
less  than  Ksvlar.  Tests  conducted  to  date  Indicate  acceptable  Joint  effi¬ 
ciencies  can  be  obtained  with  this  aatarial. 


An  extensive  faaily  of  narrow  fabrics  is  becoaing  available  to  the 
parachute  designer  both  in  nylon  and  Kevlar.  Unfortunately,  the  situation 
In  broadgoods  is  net  as  good,  and  the  designer  auat  exercise  caution  when 
using  these  aateriala. 
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A  Wmw  Taxmehntm  Caaaa^  Ceofigamtltn 


A  new  paraehut*  configuration  (Raf.  12)  has  boon  dasipiad  and'eastad  in 
raaponaa  to  thosa  stringant  parfonanea  and  waight  raquiraaants : 

Payload  weight  •  3110  lbs 

Rata>of<daseant  •  25  ft/aae  at  5000>ft  prassura  altitude 
Naxiaia  load  applied  to  payload  •  20,000  Iba 
Daploynent  velocity  -  100  ft/sae  to  300  KEAS 
Daployaant  altitude  •  sea  level  to  18,600  ft 
Maxiaua  oscillations  •  10  dagraas  from  vertical 
Pack  waight  -  120  lbs  (90  lbs  for  the  parachutes) 

Pack  voluM  •  2.9  ft* 

Due  to  the  placaaant  of  the  recovery  parachute  in  the  payload,  every 
daployaant  will  be  crosswind.  To  aaat  the  raquiranants  at  the  100  ft/sec 
daployaant  conditions,  the  parachute  aystaa  aust  be  fully  inflated  seven 
seconds  after  the  start  of  daployaant. 

The  25  ft/aac  tarainal  velocity  requires  a  drag  area  of  5000  ft*.  Also 
the  daployaant  velocity  range  aaans  a  variation  in  dynaaic  prassxira  between 
10  Ibs/ft*  and  300  Ibs/ft*.  Tliese  requireaents  preclude  tite  use  of  a  large 
single  parachute  systea  due  to  the  long  inflation  at  the  velocity 

condition.  As  a  result,  developaent  of  a  clustered  parachute  systaa  was 
pursued  to  aeet  these  requireaents. 

Since  the  parachute  systea  aust  be  capable  of  daployaant  at  a  dynaaic 
pressure  of  300  Ibs/ft*  but  have  the  highest  possible  drag  coefficient,  the 
parachute  was  designed  as  a  20*  conical  solid  canopy  with  geoaetric  porosity 
in  the  vent  area  to  control  the  initial  leading.  llto  porosity  is  provided 
by  12'inch'Vide  rings,  and  the  design  is  called  a  rlngslot*solid  canopy. 
After  a  literature  search,  it  was  conservatively  estiaated  that  a  drag  coef> 
ficient  of  0.77  would  be  reasonable  for  this  type  of  parachute.  The  basic 
design  paraaeters  for  the  canopy  are  as  follows: 


Constructed  diaaeter  .  52.5  ft 

Cone  angle  .  20* 

Huaber  of  gores  .  A8 

Nuaber  of  rings  .  8 

Width  of  rings  .  12  inch 

Width  of  spaces  .  1  inch 


The  suspension  lines  are  60>ft>long  and  attach  to  a  10-ft-long  disper¬ 
sion  bridle  for  an  effective  length  of  70  ft. 

Siaultaneity  of  inflation  and  even  distribution  of  the  drag  force  is 
always  a  problea  in  a  clustered  parachute  systea.  Based  on  tests  conducted 
at  Sandla  National  Laboratories  with  other  clustered  parachute  aysteas  using 
a  naw  central  reefing/disreefing  systea,  a  load  distribution  of  A0%-40%-20% 
was  thought  to  be  achievable,  at  least  during  the  periods  of  high  leads.  As 
a  result,  8000  lbs  was  used  as  the  design  load  for  each  parachute. 
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Hm  paraehut*  strass  coda  CANO  was  uaad  to  datanlna  tha  raqulrad 
atrangth  of  tha  aatarlals  for  tha  paraehuta.  I\illnass  was  addad  to  tha  dl> 
■ansions  of  tha  rings  starting  with  10%  fullnass  at  tha  uppar  adga  of  ring  1 
(want)  and  daeraaslng  llnaarlj  to  aaro  at  tha  lowar  adga  of  ring  t.*  Tha 
fullnass  significantly  lowarad  tha  strassas  in  tha  ring  aatarial.  Tha  cloth 
uaad  for  rings  1*3  was  2.25  os/yd’  nylon  and  tha  aatarial  usad  for  tha  ra* 
■aining  rings  was  1.1  ot/yd*  ripstop  nylon.  Tha  rings  ara  block  construc¬ 
tion.  Tito  solid  part  of  tha  canopy  is  convantional  bias  construction  using 
1.1  os/yd*  iqrlon. 

Sines  waighc  and  voluaa  ara  critical,  tha  stnictura,  with  tha  sxcaptlon 
of  tha  nylon  vant  rainforeaawnc  and  a  siailar  relnforcaaant  at  tha  uppar 
adga  of  tha  solid  part  of  tha  canopy,  ara  constructed  froa  Kavlar  aatarials. 
Tha  radials  ara  SOO-lb  Kevlar  tape  and  tha  suspension  linas  ara  400-lb 
braided  Kavlar.  Tha  reefing  ring  retainers ,  pocket  bands,  and  skirt  rain- 
foreaaent  also  ara  Kavlar. 

To  avoid  axeaading  the  design  load  at  300  Ibs/ft*,  tha  individual  para¬ 
chutes  Bust  be  savaraly  reefed  to  batween  1.5%  and  3%  of  full-open  drag  area 
during  the  first  stage.  Wind  tunnel  tests  have  indicated  that,  at  such  low 
reefing  ratios,  skin  friction  drag  (with  sona  "flag  drag”)  is  tha  largest 
contributor  to  tha  total  drag.  To  ainlnize  this  contribution  and  increase 
the  pressure  drag  contribution,  tha  parachutes  are  raafad  with  both  radial 
and  aid- gore  reefing  rings. 

The  parachutes  as  fabricated  waigbed  slightly  lass  than  30  lbs. 

Testing  of  this  parachute  systea  was  divided  into  two  phases.  The 
first  test  series  studied  a  single  parachute  with  a  vehicle  weighing 
1050  lbs  to  characterize  the  perfomance  of  the  new  canopy  configuration  by 
itself.  After  these  single  canopy  tests  ware  coaplatad,  tha  cluster  of 
three  parachutes  were  tested  with  a  vehicle  weighing  3300  lbs.  All  of  the 
tests  were  conducted  at  the  Sandia  National  Laboratories  Test  Range  at 
Tonopah,  Nevada,  froa  an  A7  aircraft.  The  test  vehicles  were  iastruaenced 
to  aeasure  accelerations  on  three  axes,  and  for  the  clustered  parachute 
tests,  the  load  developed  by  each  parachute  was  aeasured  by  individual  load 
cells.  Two  onboard  caaeras  are  used  on  each  test  vehicle.  Cinetheodolites 
were  operated  and  reduced  to  obtain  trajectory  data.  Oocuaentary  coverage 
of  parachute  deployaent,  inflation,  and  stability  was  provided  by  trecking  * 
telescope  caaeras. 

The  tests  with  a  single  parachute  were  used  to  develop  a  reefing  sched¬ 
ule  that  aeets  the  systea  requireaents  and  controls  the  loads  to  be  within 
the  structural  capabilities  of  the  parachute.  Another  laportant  objective 
was  to  deteraine  the  drag  coefficient  for  this  type  of  parachute. 

It  becaae  apparent  after  the  first  test  that,  at  the  very  low  first- 
stage  reefing  ratio,  the  canopy  was  not  inflating  properly  and  the  drag  was 
being  produced  by  "flag  drag."  For  the  second  test,  the  oi^t  rings  were 
coated  with  RTV  silicone  to  reduce  the  porosity.  The  Inflation  of  the  can¬ 
opy  was  auch  iaproved  during  this  test.  Subsequent  parachutss  were  fabrica¬ 
ted  using  a  calendered,  low  porosity  aaterial  for  the  rings.  The  tests  also 
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itidieatad  that  two  stagaa  of  raaflng  would  ba  raquirad  to  avoid  overloading 
the  paraehuto. 

The  cluster  of  three  ST.S'ft-diaaeter  parachutes  was  used  on  .the  nest 
tests.  For  these  tests,  the  parachutes  were  packed  in  an  existing  cylindri¬ 
cal  deployaent  bag.  The  central  reefing/disreefing  systen  was  used  on  all 
tests.  "A*  data  fron  the  first  test  indicated  that  the  loads  davaloped  by 
the  Individual  parachutes  during  the  first  stage  were  greater  that  the  loads 
generated  by  the  parachutes  during  the  single  parachute  tests.  The  length 
of  the  first-stage  reefing  line  was  shortened  to  avoid  overloading  the  can¬ 
opy.  Also,  during  this  test  series,  the  decision  was  Bade  to  use  only  radi¬ 
al  reefing  on  the  second  stage  in  an  atteapt  to  increase  the  inflation  rate 
when  the  parachutes  are  going  to  the  second-stage  and  full-open  condition. 

Tests  of  other  clustered  parachute  systeas  have  shown  chat  tethering 
the  skirts  of  the  parachutes  together  appears  to  offer  soae  perforaanee 
advantages.  If  one  parachute  lags  Che  others  during  full  inflation,  the 
skirt  of  the  slow  canopy  will  ba  spread  helping  the  inflation.  Also,  if  the 
overrunning  wake  contacts  the  parachute  systea.  the  skirt  tethers  allow  the 
wake  to  push  Che  canopies  aside  without  collapse  and  still  control  the  rela¬ 
tive  position  of  the  parachutes.  Use  of  ta there  with  this  parachute  systea 
has  been  difficult  since  there  is  very  little  structure  near  the  skirt  with 
su-fficient  strength  to  withstand  the  loads.  Vent  tathers  have  been  used 
with  aore  success  since  the  canopy  is  stronger  in  that  area  and  a  vent  para¬ 
chute  is  required  to  control  the  position  of  the  vent  iaaediately  after 
canopy  scratch. 

The  fll^t  tests  have  shown  that  the  variable  area  vent  cap  does  not 
%rork  as  intended  due  to  failure  of  the  aacerial  during  the  early  stages  of 
inflation.  Veighc  and  volume  considerations  prevent  redesl|ning  the  vent 
cap  to  withstand  the  loads.  The  vent  area  of  the  parachutdr^ll  be  reduced 
by  adding  a  ninth  ring  above  the  present  tq>per  ring  and  placing  a  li^t- 
weight,  low  porosity  sacrificial  vent  cover  on  the  outside  of  the  vent 
lines . 

Figure  6  shows  the  clustered  parachute  systea  during  the  first  reefed 
stage.  Fig.  7  shows  the  systea  during  Che  second  reefed  stage,  and  Fig.  8 
shows  the  parachute  system  fully  inflated. 

The  noraal  reduction  of  the  einethcodolite  data  includes  the  calcula¬ 
tion  of  the  position  of  Che  test  vehicle  as  a  function  of  tiae.  Using  this 
position  data,  three  components  of  velocity  are  deterained.  The  two  hori¬ 
zontal  velocity  components  are  Chen  corrected  for  winds  using  the  wind  data 
aeasured  for  the  test.  Errors  in  the  wind  data  can  cause  significant  errors 
in  the  vehicle  velocity  data  when  the  tezainal  velocity  is  low.  An  example 
is  shown  in  Fig.  9.  VA  is  the  total  vehicle  veloci^  relative  to  the  air, 
i.e.,  the  two  'corrected*  horizontal  velocities  have  been  edded  vectorially 
with  VZ.  VZ  is  the  vertical  velocity  component  with  no  wind  corrections 
since  it  was  assumed  that  there  is  no  vertical  wind.  After  about  15  sec¬ 
onds,  the  test  vehicle  is  in  vertical  terainal  descent.  If  tliere  was  no 
wind  at  all  during  the  test,  the  two  velocities  would  be  the  same  (the  hori¬ 
zontal  velocity  is  zero  assuming  a  stable  parachute  system  with  no  gliding) . 
Since  there  is  a  considerable  difference  in  the  two  velocities,  it  is 
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assuMd  that  Che  wind  data  used  In  the  data  reduction  la  incorrect,  even 
though  the  winds  are  aeasured  as  accurately  as  possible. 

for  these  tests,  the  average  vertical  velocity  was  calculated  by  deter* 
■ining  Che  altitude  loss  for  a  10 •second  period  when  the  vehicle  Is  In  ten- 
Inal  descent.  The  average  density  for  this  ciae  is  used  to  calculate  Che 
dynaalc  pressure.  The  total  weight  of  the  vehicle  pliis  parachute  (or  para¬ 
chutes)  is  used  to  detaraine  the  average  drag  area  and  then  the  drag  coeffi- 
cienc.  The  parachute  area  is  based  on  the  constructed  diaaetcr.  If  the 
test  data  allo%red,  aorc  than  one  10-second  period  was  used  and  Included  in 
the  average. 

Table  1  shows  some  of  the  data  for  the  single  parachute  casts.  As  pro- 
viotisly  noted,  there  was  no  positive  inflation  during  the  second  stage  of 
the  first  test.  The  drag  coefficients  listed  were  calculated  as  described 
above.  Since  the  parachute  is  slightly  unstable,  the  high  values  are  prob¬ 
ably  the  result  of  the  canopy  gliding  during  the  terainal  descent. 

Table  2  shows  soae  of  the  data  from  the  clustered  parachute  tests.  The 
loads  listed  for  each  parachute  for  each  stage  arc  the  maximum  loads  devel¬ 
oped  and  do  not  necessarily  occur  at  the  same  time.  The  loads  measured  by 
the  load  cells  for  one  of  the  tests  are  shown  in  Figs.  10  and  11.  Figure  10 
shows  the  first-stage  load  in  greater  detail.  The  loads  developed  by  the 
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2*73 

1.1*3 

Table  1.  Results  froe  Single  Parachute  Tests 
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3000 
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Table  2.  Results  free  Clustcree  Parachute  Tests 
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parachutes  during  the  first  stsga  ara  within  tha  assuMd  40%-40i<20l  load 
dlstrihutien  but,  during  tha  sacond  and  third  stages,  ena  paraehuta  lags  tha 
other  two  and  does  not  davalop  as  nueh  load  as  daairsd.  Tha  fils  data 
Indicates  that  tha  lagging  parachute  is  always  the  bottoo  paraehuta  in  tha 
cluster.  This  parachute  is  always  axpariancing  tha  lowest  velocity  duo  to 
tha  trajectory  of  the  vehicle.  A  lagging  parachute  is  aeeeptabla  froo  a 
program  tie  standpoint  as  long  as  tha  other  raquiraaants  ara  oat  and  the 
■Ctwetural  capability  of  tha  parachutes  is  not  sxcoadad. 

Tha  presently  used  70*ft>diaaMtar  raeovary  parachute  is  packed  in  a 
nylon  daployaant  bag  built  to  fit  an  irragularly>shapad  parachute  eoopart* 
■ant,  as  shown  in  Fig.  12.  The  density  of  tha  pack  (about  40  Ibs/ft*) 
causes  the  pack  to  continually  grow  and  change  shape.  As  a  result,  the 
parachute  oust  be  either  in  a  shipping  container  or  in  the  crew  nodule  at 
all  tines.  The  clustered  parachute  systea  oust  confom  to  the  irregular 
shape  of  the  storage  conpartaent.  which  has  four  flat  sides,  a  flat  bottoa, 
and  two  flat  planes  on  the  cop.  Three  parachutes  have  been  packed  in  a 
fouT'panel  bag  nanufactured  froa  Kevlar  with  longitudinal  lacing  in  the 
comers.  This  pack  is  shown  in  Fig.  13.  Nechanical  fixtures  are  necessary 
for  production  packing  of  the  parachute  systea.  The  fixtures  will  assist 
the  packing  crews  in  lacing  the  bag  panels  and  shaping  the  pack  Co  the  final 
required  configuration.  Experience  with  the  prototype  bag  indicates  that 
Che  Kevlar  aacerials  %rlll  enable  Che  systea  to  keep  the  shape  without  the 
use  of  a  special  container. 


12 


An  Undexvatar  Paracfauta  Sjsten  and  Flotation  Bag 

A  rocovary  oysten  ha«  bean  designed  to  recover  and  bring  to  the  surface 
of  the  ocean  a  vehicle  vatghlng  640  lbs  under  water  and  approxlnately 
800  lbs  in  air.  The  vehicle  has  a  tcralnal  sink  rate  of  S2>SS  ft/sac.  Data 
on  the  vehicle’s  hydrodynaalc  characteristics.  Including  vehicle  accelers' 
tiona  and  angular  rates,  had  to  be  recorded  on  board  the  test  vehicle  during 
water  entry  and  the  initial  part  of  the  underwater  trajectory.  To  retrieve 
the  data,  the  decision  was  made  to  attenpe  recovery  of  the  conplete  vehicle 
which  would  also  allow  reuse  of  the  vehicle  for  future  testing.  The  recov¬ 
ery  systea  includes  a  4.2-ft-diaaecer  ribbon  parachute,  a  13-ft*  flotation 
bag,  and  a  gas  generator  for  inflating  the  bag.  Reference  13  describes  this 
system  In  greater  detail.  Results  of  the  tests,  along  with  a  description  of 
Che  recovery  system,  are  summarized  here. 


Recovery  System  Reoulremeats 

A  typical  flight  includes  launch  of  the  test  payload  by  a  single  or 
two-stage  solid  rocket  motor  booster  system  followed  by  impact  in  the  ocean 
at  the  desired  test  conditions.  A  timer  is  started  at  Impact  and  approxi¬ 
mately  four  seconds  later  the  recovery  system  is  deployed.  The  vehicle 
velocity  is  decreased  by  Che  drag  of  the  parachute  and  the  buoyant  force 
developed  by  Che  flotation  bag.  The  domward  velocity  is  arrested  and  the 
vehicle  returns  to  the  surface.  To  maximize  the  time  for  data  gathering 
without  making  the  recovery  system  design  unnecessarily  difficult,  the 
following  requirements  were  established: 


Vehicle  weight  in  air .  800  lbs 

Vehicle  weight  in  water  .  640  lbs 

Maximum  velocity  at  recovery  ....  55  fc/sec 

Typical  recovery  depth .  400  ft 

Maximum  recovery  depth .  600  ft 


Pnderwater  Recovery  System  Peslgn 

The  recovery  system  requirements  indicated  that  the  decelerator  chosen 
must  be  capable  of  withstanding  substantial  loads  since  the  dynamic  pressure 
at  deployment  is  approximately  3000  Ibs/ft’.  For  'dhis  application,  a  20* 
conical  ribbon  parachute  was  selected.  The  parachute  is  4.2  ft  in  construc¬ 
ted  diameter,  has  16  gores,  and  a  suspension  line  length  of  65  inches.  Nine 
horizontal  ribbons  were  spaced  to  give  an  unstrained  geometric  porosity  of 
10.7%. 

The  design  of  the  flotation  bag  was  not  as  straightforward  as  the 
design  of  the  decelerator.  To  insure  an  adequate  buoyancy  margin,  it  was 
decided  to  use  a  flotation  bag  with  a  volume  of  13  ft*.  Since  the  maximum 
water  depth  for  recovery  system  operation  was  600  ft,  the  pressure  of  the 
gas  for  inflating  the  bag  would  have  to  be  greater  than  270  Ibs/in*  to 
inflate  the  bag  at  that  depth.  If  the  gas  source  chosen  could  provide  the 
gas  required  for  those  conditions,  recovery  at  shallow  depths  would  result 
in  more  gas  than  necessary  to  inflate  the  bag.  For  a  closed  bag,  this  would 


Page  13 


raqulr*  a  pressure  relief  valve  capable  of  handling  large  flov  races.  Since 
Che  recovery  systen  had  to  be  pressure  pecked  to  fit  in  the  vehicle,  it  was 
decided  co  use  a  flotation  bag  that  was  open  on  the  lower  end  and  let  the 
axcess  gas  flov  out  of  that  end.  This  would  occur  both  during  initial 
Inflation  of  the  bag  and  during  the  ascent  phase  of  the  recovery.  A  cylin* 
drieal  bag  with  a  oaxisuis  dianeter  of  18  inches  and  a  heaispherical  shape  on 
Che  closed  end  was  designed.  With  an  open-ended  bag,  the  Baxioua  pressure 
Che  bag  would  experience  results  from  the  difference  in  depth  of  the  upper 
and  lover  ends  of  the  98-inch-long  bag  <3.6  Ibs/in^}. 

The  flotation  bag  is  aanufactured  fron  polyurethane -coated  nylon  using 
ultrasonlcally  bonded  seams  and  is  placed  inside  a  bag  made  from  Kevlar 
cloth  and  webbings.  Since  the  bags  are  deployed  at  the  aaxiaua  freescreaa 
dynamic  pressure,  Che  Kevlar  bag  protects  the  flotation  bag  during  the 
initial  deceleration  phase  of  the  recovery  and  also  transmits  Che  parachute 
loads  into  the  vehicle.  The  source  for  the  high  pressure  gas  for  the  flota¬ 
tion  bag  is  located  in  che  test  vehicle.  The  open  end  of  the  bag  is  attach¬ 
ed  inside  Che  recovery  system  storage  can  in  a  manner  chan  prevents  the 
freestream  water  from  entering  che  bag,  but  che  excess  gas  can  be  vented 
Sfhen  che  vehicle  has  been  slowed  or  has  started  to  ascend.  A  schematic  of 
the  recovery  system  is  shorn  in  Fig.  lA. 

Several  methods  for  storing  the  gas  required  for  che  flotation  bag  were 
considered  during  che  initial  stages  of  design  of  the  test  vehicle  and 
recovery  system.  It  soon  became  obvious  chat  a  stored  gas  system  was  not 
possible  from  a  weight  and  volume  standpoint.  The  system  used  in  this  pro¬ 
gram  is  a  modification  of  the  warm  gas  generator  used  to  inflate  the  flota¬ 
tion  bags  on  the  KK-50  torpedo.  The  gas  generator  used  on  this  recovery 
system  has  2.8  lbs  of  ammonium  nitrate  propellant  in  a  rubber-based  binder 
Chat  bums  and  combines  with  14.5  lbs  of  carbon  dioxide  co  produce  gas  at 
che  pressures  required  for  inflating  the  flotation  bag.  The  gas  generator 
system  is  supplied  by  che  Rocket  Research  Company,  Redmond,  Washington. 

Use  of  che  gas  generator  Introduced  several  problems  chat  had  to  be 
considered  in  the  design  of  the  flotation  bag  system.  The  output  tempera¬ 
ture  of  che  gas  (600-700*F)  required  cooling  before  che  gas  contacted  the 
polyurethane -coated  nylon  bag  material.  This  was  accosrplished  by  flowing 
che  gas  through  a  Kevlar  inflation  tube  coated  with  RTV  silicone.  The  4-ft- 
long  Cube  also  directs  che  gas  toward  the  closed  end  of  che  flotation  bag.  ' 
In  operation,  the  gas  generator  created  a  2800  Ibs/in’  pressure  wave  Chat 
impacted  and  damaged  the  inflation  Cube  when  Che  burst  disk  operated.  A 
steel  diffuser  was  installed  upstream  of  the  inflation  tube  to  attenuate  the 
pressure  wave.  The  average  gas  temperature  in  the  bag  when  che  gas  genera¬ 
tor  is  depleted  is  approximately  250*F.  Since  che  water  will  cool  che  gas 
and  consequently  decrease  the  pressure  and  volume,  a  thermal  analysis  was 
conducted  to  insure  the  vehicle  was  rising  and  dumping  excess  gas  before  che 
gas  cooled  enough  to  cause  a  loss  in  volume.  The  analytic  techniques  used 
are  described  in  Reference  14. 

The  recovery  system  is  packed  in  a  conventional  deployment  bag  ttimt  is 
12.25-inch  diameter  and  S-inch  deep.  Pressure  packing  is  used  to  obtain 
pack  densities  approaching  38  Ibs/ft*.  Deployment  of  the  recovery  system  is 
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•ceoa^litlMd  by  ejecting  the  v«hlcl«  «ft  cover  plate  with  three  thruatera. 
Four>ft«leng  bridlea  are  uaed  to  attach  the  plate  to  the  daployaant  bag. 


Taating  a  recovary  ayatea  with  theae  requlreaenta  aa  a  coapleto  ayataa 
la  lapoaalble  other  than  in  an  actual  flight;  then  acqulaltlon  of  taj  data 
on  ayatea  perforaance  becoaea  very  difficult  and  expenalve.  Teata  were  con¬ 
ducted  on  the  coaponanta  of  the  recovery  ayatea.  The  coaiplete  ayatea  waa 
than  teated  by  dropping  It  Into  a  lake  froa  a  barge  and  allowing  the  teat 
vehicle  to  reach  teralnal  velocity  before  atartlng  the  dcployacnt  aoquence. 
The  teata  conducted  are  deacribed  in  thla  aectlon. 

There  were  eeveral  queatlona  to  be  answered  by  the  parachute  taating: 
Will  the  parachute  inflate,  how  auch  drag  la  generated,  and  can  the  recovery 
ayatea  be  deployed  froa  a  conventional  bag  by  ejecting  the  aft  plate  Into 
the  wake  behind  the  vehicle.  The  tow  baain  at  the  David  Taylor  Haval  Ship 
Reaearch  and  Oevelopaent  Center,  Bethesda,  Maryland,  waa  available  for 
a  aerlaa  of  teats.  Carriage  V  of  the  High  Speed  Hydrodynaalc  Baain  waa  used 
for  the  teata.  A  parachute  strut  was  attached  to  the  carriage  with  a  towing 
am,  a  load  cell,  and  the  test  vehicle,  as  shown  in  Fig.  15.  The  aeries  of 
tests  conducted  Included  the  body  alone,  the  body  with  the  aft  cover  attach¬ 
ed  to  three  bridlea  4-ft  long,  the  body  with  the  uninflated  flotation  bag 
and  the  &.2-ft-diaaeter  parachute  attached,  and  a  daploynent  :sst  of  the 
recovery  system  without  the  gas  generator. 

The  drag  of  the  predeployed  parachute  behind  the  body  la  sho%m  In 
Fig.  16.  The  drag  produced  by  the  body  has  been  subtracted  from  the  total 
drag  value,  but  the  data  does  Include  the  drag  of  the  uninflated  flotation 
bag.  The  drag  coefficient  varies  between  0.51  and  0.6  baaed  on  the  A.2-ft 
constructed  diameter.  The  data  from  the  runs  with  the  bodly  only  and  the 
body  with  the  aft  cover  plate  In  tow  is  presented  in  Table  3  The  drag  coef¬ 
ficients  are  based  on  the  14. 7- inch  base  diameter  of  the  vehicle.  The  aft 
cover  has  a  5-inch-dlaMter  hole  in  the  center  to  equalize  the  pressure  on 
both  sides  of  the  plate  when  the  plate  is  attached  to  the  vehicle.  The 
tests  indicated  that  the  cover  plate  was  quite  stable  in  the  wake  behind  the 
teat  vehicle. 


Configuration 

Vel. 

ft/sec 

Total 

Drag 

flbsl 

Body 

Drag 

flbs^ 

Plate 

Drag 

ribs) 

C 

D 

rBedv) 

C 

D 

rpiatv) 

Body 

50.6 

608 

608 

NA 

0.2 

HA 

Body  &  Plate 

42.2 

2466 

423 

2043 

0.2 

0.97 

fio^  &  Plate 

50.6 

3467 

608 

2859 

0.2 

0.94 

Tabla  3. 
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During  ch«  fine  entry  In  the  tow  besln.  a  deployacnt  test  wee  atteapt- 
ed.  but  e  aelfunctlon  In  the  thrusters  prevented  the  eft  cover  froa  seperet- 
Ing  froa  the  vehicle.  The  recovery  systes  was  successfully  deployed  by  e 
■aell  guide  surface  pilot  perschute  thrown  froa  Che  cerclage  aovldg  at  e 
weloetcy  of  25  f C/sec.  The  peak  load  aeesured  during  the  test  was  8078  lbs 
with  a  steady  state  load  between  4200  and  5050  lbs.  A  slow  lateral  oscilla¬ 
tion  of  Che  parachute  was  noted. 

After  aodifylng  the  thrusters,  another  deployaent  test  was  atteapted. 
For  this  test,  the  load  cell  was  reaoved  to  avoid  any  dsaage  chat  alght 
occur  due  to  overloading.  The  recovery  systea  was  successfully  deployed  by 
ejecting  the  aft  cover  with  the  three  thrusters  and  using  the  drag  of  the 
cover  to  deploy  Che  packed  systea.  The  velocity  of  the  carriage  was 
42.2  f c/sec  (dynaaic  pressure  -  1783  Ibs/fc’)  during  Che  test  run.  Observ¬ 
ers  on  the  carriage,  which  weighs  approxlaetely  100,000  lbs,  reported  that 
there  was  no  question  when  Che  parachute  Inflated  since  the  carriage  started 
to  shake  at  Chat  clae. 

Prallainary  tests  to  verify  the  flotation  beg  structure  were  conducted 
In  an  open  tank  by  attaching  Che  Kevlar  bag  to  the  bottoa  of  the  tank  and 
Inflating  the  bag  with  air.  Although  the  bag  developed  over  800  lbs  of 
buoyant  force,  there  was  no  daaage  to  either  the  urethane -coated  nylon  bag 
or  Che  Kevlar  bag. 

The  wacB  gas  generator  was  tested  by  the  nanufacturer  as  part  of  the 
noraal  developaent  prograa.  One  generator  was  discharged  Into  a  closed 
chaaber  with  extensive  pressure  and  teaperature  InstruMntatlon  at  a  Sandla 
National  Laboratories  test  facility.  The  results  of  this  test  Indicated 
Chat  the  gas  generator  produced  enough  gas  to  aeet  the  recovery  system 
requlreaencs . 

The  eoaplete  recovery  system  was  tested  at  the  David  Taylor  Naval  Ship 
S&D  Center,  Acoustic  Research  Detachment,  Bayvlev,  Idaho  (located  on 
Pend  Oreille) .  The  test  vehicle  with  Che  recovery  systea  was  released  froa 
a  barge  and  allowed  to  accelerate  to  the  teralnal  velocity  with  a  firing 
cable  and  safety  line  trailing.  Uhen  the  vehicle  reached  e  depth  of  400  ft, 
an  electrical  signal  was  sent  to  the  vehicle  to  start  the  recovery  sequence. 
The  recovery  system  was  deployed,  and  in  approxlaately  80  seconds,  the  flo¬ 
tation  bag  returned  to  the  surface  of  the  lake.  It  appeared  that  the  top  of 
the  bag  rose  about  5  ft  above  the  surface,  settled  back  to  the  surface,  and 
then  sunk  slowly  to  the  end  of  the  safety  line.  The  safety  line  was  attach¬ 
ed  to  a  winch  on  the  barge  and  the  vehicle  was  brought  back  to  the  surface 
where  It  floated  with  about  18  Inches  of  the  flotation  bag  above  Che  sur¬ 
face.  The  ascent  velocity  (estlaated  to  be  10-12  ft/sec)  caused  the  systea 
to  rise  high  enough  above  the  cqulllbrlxia  position  to  allow  extra  gas  to 
vent  froa  the  open  end  of  Che  bag.  The  downward  aoaentua  Chen  caused  the 
systea  to  descend  far  enough  below  the  new  equillbrlua  position  to  start 
collapsing  Che  lower  end  of  the  flotation  bag  and  allowing  it  to  sink.  This 
scenario  was  later  confined  analytically. 

The  ribbon  parachute,  which  was  hanging  to  the  side  of  the  flotation 
^>•8.  did  not  add  enou|^  drag  to  control  ^e  ascent  velocity.  To  add 
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pealtiva  drag,  a  4*ft>dlaMtar  guida  turfaca  parachuta  vaa  attaehad  to  tha 
floCatton  bag  idileh  only  Inflataa  during  tha  aacant  phaaa  of  tha  trajaetoiy. 
Tha  aacant  ‘velocity  vi^  tha  guida  aucfaca  parachuta  la  approxlaataly 
S  ft/aac.  If  tha  aacant  valoclty  la  too  low,  tha  cooling  of  tha  ga'a  could 
eauaa  loaa  of  buoyancy  before  the  ayataa  haa  aacandad  Into  lower  preaaura 
ragiona  and  atarta  venting  gaa.  The  tact  from  tha  barge  vaa  repeated  with  a 
recovery  ayataa  aodifiad  with  a  guide  aurfaca  parachuta  and  vaa  coaplataly 
auecacaful . 

A  recent  flight  teat  of  the  recovery  xyatea  vaa  conducted  froa  Che 
Sandla  National  Laboratorlaa  Kauai  Teat  Facility,  Hawaii.  Tha  tact  vehicle 
entered  the  water  at  2000  ft/aac  with  a  flight  path  angle  =f  20  dagraaa. 

Tha  recovery  ayataa  vaa  prograaaed  to  be  deployed  4.5  aeconda  after  an 
acceleroaeccr  aensad  iapact  with  the  water,  but  the  teat  vehicle  never 
becaae  buoyant  and  aunk  in  3350  ft  of  water.  The  underwater  cracking  data, 
when  It  becaae  valid  about  10  aeconda  after  water  laipact.  Indicated  Che 
velocity  of  Che  teat  vehicle  to  be  approxliMCely  B.5  ft/aec  all  the  way  to 
Che  bottoa.  Thia  velocity  had  to  be  the  reault  of  the  drag  of  the  para¬ 
chute,  Subsequent  recovery  of  Che  test  vehicle  and  recovery  ayatea  con- 
flraed  that  the  recovery  ayatea  was  deployed  properly.  A  poataortea  of  the 
vehicle  showed  that  problcas  with  the  electrical  ayatea  had  allowed  only  one 
thruster  (out  of  three)  to  fire  and  eject  the  aft  cover  and  prevented  the 
gaa  generator  froa  igniting. 
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AXIAL  POSITION  OF  CANOPY  (In) 

Figure  1:  Canopy  Loads  Analysis  (GALA) 
Farac^ta  Shape  Prediction 
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Figure  2:  Faloci^  Bistoxy  for  Floe  Over 
a  120-Degrea  Circular  Are 
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4-Fc  Guide  Surface  Parachute 
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